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Background: As a vital issue in geriatric research, risk factors for falls were concluded to be multifactorial,
and prevention has been mostly aimed at decreasing situational and environmental risks that cause and
aggravate fall-related injuries, particularly within the institutions. While knowledge is limited about
older patients' intrinsic determinants, the purpose of this study was to explore elderly Taiwanese's
intrinsic risk factors associated with severe fall-related injuries.
Methods: Between April 2011 and December 2013, medical records related to in-ward elderly patients'
falls were retrieved from two teaching hospitals in the northern Taiwan area. A total of 244 elderly
hospitalized patients' fall-related assessments were reviewed from the national hospital safety reporting
system. Chi-square statistics and odds ratio calculations were performed to ascertain signiﬁcant asso-
ciations between risk factors and the severity of after-fall injuries.
Results: Major risk factors resulting in fall-related injuries were found to be intrinsic and not situational
or environment-related. Vertigo and weakness of the legs were both signiﬁcant physical and behavioral
determinants, and elderly cancer patients staying in oncological wards were more likely to have severe
injuries after incidents of falls, compared with those in medical and surgical wards. Female gender was
not discovered as a signiﬁcant factor to affect the severity of falls.
Conclusion: Elderly Taiwanese inpatients with existing intrinsic conditions of cancer, vertigo, and lower
leg weakness were at high risk of falling, resulting in severe injuries. Additional research including
controlled trials is necessary to further identify treatable, causal intrinsic risk factors for this elderly
group.
Copyright © 2016, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Incidents of falls have become a vital health care issue in geri-
atric research, and proliﬁc concerns and research efforts have been
made to identify and prevent risks that cause falls and aggravate
fall-related injuries, particularly within the health care institutions.
Signiﬁcant morbidity and mortality among hospitalized patients
were found highly associated with inward falls and after-fall in-
juries, and expectedly the rate of fall-related deaths rises rapidly
with age. According to the 2012 national statistics about inpatients no conﬂicts of interests.
5, Mingsheng Road, Tamsui
ang).
tric Emergency & Critical Care Med
es/by-nc-nd/4.0/).safety in Taiwan, falls comprised nearly one-fourth of all reported
accidents within the health care institutions, and 42.5% were
among patients aged > 65 years old1,2. Older persons' inclination to
falls and severe injuries was obvious: alternation in cognitive,
musculoskeletal, visual, and vestibular function, underlying chronic
diseases, use of multiple medications, a history of falls, and urine
incontinence may all contribute to the incidence of falls3e5. Older
persons' somewhat ﬁxed thoughts also made them less willing to
modify lifestyles and accept suggestions that reduce risks of falls6,7.
Previous research has concluded that risks for fall were multi-
factorial. Elderly patients' falls were a result of interactions among
the intrinsic, demographical, pharmacologic, and behavioral factors
and the environmental, equipment, and activity-related factors. In
Taiwan, initiatives were made by the Ministry of Health and Wel-
fare of Taiwan. Following the annual Hospital Patient Safety Goalsicine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
I.-F. Li et al.138and Strategies, systematic efforts were facilitated to prevent elderly
patients' falls, reduce the severity of after-fall injuries, implement
fall-speciﬁc risk assessments, and provide a safe medical environ-
ment8. However, the effectiveness of recent national fall in-
terventions was unclear, and because preventions were mostly
designed to decrease situational and environmental risks, knowl-
edge about older patients' intrinsic determinants for fall-related
injuries was limited. While previously well-designed controlled
studies have identiﬁed common intrinsic risk factors of age, female
gender, and previous history of falls, the purpose of this study was
to focus and explore elderly Taiwanese's intrinsic risk factors in
order to test associations between these risks and the severity of
fall-related injuries.
2. Materials and methods
Medical records from the national database about in-ward
elderly patients' falls and fall-related injuries were retrieved from
2011 to 2013 in two teaching hospitals in the northern Taiwan area.
According to the Taiwan Patient Safety Reporting (TPR) system
guidelines, high-risk patients scored 3 in the fall assessment
[sensitivity: 70%, speciﬁcity: 68.81%, p¼ 0.016, 95%, conﬁdence
interval (CI): 0.569 to approx. 0.873]; given that these older in-ward
patients would tend to fall with more than three existing condi-
tions: state of consciousness, mobility, continence, fall history,
medication used, vision, and/or headache/dizziness/vertigo. These
risk factors were not situational or environmental, but related to
patients' physiological condition, caregiver, medication, equip-
ment, environment, or all of the above. Other patient information
included demographics of gender and age, ward, membership in a
high-risk group for fall, mobility, attendance of an attendant, and
use of a mobility aid, etc. Also in accordance with the TPR deﬁni-
tions, the severity of fall-related injuries was deﬁned based on the
fall consequences on patients' general health status. The fall inci-
dent could cause no injury or minor injury, indicating no care or
only minor care was needed. Moderate to major injuries required
extra examination, assessment, observation, treatment, some types
of surgery, or extended hospitalization. Severe injuries would cause
permanent disability or functional impairment, such as limb
impairment, organ damage, or even death.
The secondary data analysis initiated after the protocol of this
study was approved by the Institutional Review Board of MacKay
Memorial Hospital, New Taipei City, Taiwan (issued on
15MMHIS022e). Between April 2011 and December 2013, a total of
244 elderly hospitalized Taiwanese patients (male¼ 55.3%),
ranging in age from 65 years to 98 years (mean¼ 77.2 years old,
standard deviation¼ 7.6) involving and suffering from falls within
the institution were analyzed for their intrinsic risk factors and
different severity levels of injuries. Descriptive statistical analyses
included Chi-square tests where a signiﬁcantly large value of the
Chi-square statistic would indicate a signiﬁcantly small probability
(p< 0.05); observed patient data are unlikely under an assumption
of no association between the particular risk and fall injuries.
Fisher's exact test and calculations of odds ratio (OR) would further
ascertain signiﬁcant associations.
3. Results
Of 244 elderly in-ward Taiwanese patients, 36 (14.8%) had a fall
history during the previous 6 months; 94.1% of the patients were
already listed as high-risk at the time of admission. While 82.8%
were consciously clear, the largest portion of the patients was
admitted to the medical ward (67.2%), followed by the surgical
ward (19.3%) and the oncological ward (13.5%). Among the 155
patients who suffered from various injuries (63.5%), there wereextreme injuries or deaths, however, 69 (44.5%), 80 (51.6%), and six
(3.9%) had minor to major injuries, respectively. Sixty-ﬁve patients
(26.6%) were documented to have environment-, equipment-
related risks, such as poor lighting and no support for limbs.
However, almost all patients' falls (n¼ 241, 98.8%) were reported to
be obviously behavioral and intrinsic, including a relatively high
frequency of weakness of lower legs, unstable gait, general weak-
ness, insistence on getting out of bed unassisted, and vertigo. Use of
medication (sedatives, hypnotics, antihypertensive drugs, hypo-
glycemic agents, and diuretics) was noted in 43.9% of the in-
dividuals, whereas caregiver-related factors were involved in 81
cases (33.2%) due to neglect of family or attendants. In addition, the
severity of women's injuries was signiﬁcantly greater than those of
men (c2 ¼ 12.085, p¼ 0.005), as well as patients with a cancer
diagnosis (c2¼10.253, p¼ 0.010). Unsurprisingly, the percentage of
oncological patients suffering severe injuries from falls was higher
than that of surgical and medical patients (c2¼14.204, p¼ 0.019).
No signiﬁcant correlations existed between other factors and the
severity of fall-related injuries (Table 1).
Among the intrinsic risk factors, vertigo as an existing medical
condition was found to be signiﬁcantly related to the severity of
injury (c2¼15.93, p¼ 0.000), so was weakness of lower legs
(c2¼ 7.976, p¼ 0.047). While 53.7% and 46.3% patients reported
unstable gait and general weakness being the contributing risks,
respectively, neither of them was signiﬁcantly related to the
severity of injury, as well as other intrinsic or extrinsic risks of
medication use, and caregiver-, environment-, and equipment-
related factors (Table 2). Lastly, the OR of falls showed the various
impacts of different factors on injury severity. Injured patients who
have existing conditions of vertigo and weakness of lower leg were
4.35 times and 2.15 times, respectively, higher than uninjured in
patients, and the odds of cancer patients to suffer from fall injuries
was 2.71 (95% CI: 1.35e5.45; Table 3).
In short, major risk factors resulting in fall-related injuries were
all intrinsic but not situational or environmental: vertigo and
weakness of the legs were both strong physical and behavioral
determinants, and female patients and elderly cancer patients who
stayed in oncological wards were likely to have severe injuries after
falls, compared with men and those in medical and surgical wards.
4. Discussion
Approximately 64% elderly inpatients in this Taiwanese study
suffered from various kinds of fall-related injuries, at a rate slightly
above all nationwide1. This may be because our participants',
sampled from teaching hospitals and medical centers in the
somewhat afﬂuent northern areas, disease severity and physical
functions were already signiﬁcantly worse than the national
average. Somewere terminal cancer patients whowere admitted to
the study sites seeking particular palliative care. The prominence of
severe hip fractures after falls has been emphasized among older
women, however, gender was practically an insigniﬁcant deter-
minant (p¼ 0.05). Older men experienced more falls than older
women, but female inpatients in this study seemed to suffer from
more severe major injuries than males. In a nursing home study,
80% of older women would not tolerate such severe injuries and
preferred death9. Our results highlighted the importance of pre-
venting falls in older hospitalized women and the signiﬁcance of
focusing on their quality of life after falls.
Vertigo, this particular multisensory dizziness related to aging
and/or deterioration of the inner ear receptor system, has been
recognized as the most common risk factor of all10. While elderly
inpatients' falls are normally associated with intrinsic neuromus-
cular and sensoryevascular impairment, a normal sense of balance
to prevent falls becomes vital, relying much on visual spatial
Table 1
Correlations between patients' demographic and medical characteristics and severity of fall-related injury.









Gender Male 46 (34.0) 36 (26.7) 53 (39.3) 0 (0) 135 12.085** 0.005
Female 43 (39.5) 33 (30.3) 27 (24.7) 6 (5.5) 109
Fall history Yes 11 (30.6) 12 (33.3) 13 (36.1) 0 (0) 36 1.968 0.579
No 78 (37.5) 57 (27.4) 67 (32.2) 6 (2.9) 208
High risk group Yes 80 (35.9) 65 (29.2) 73 (32.7) 5 (2.2) 223 2.16 0.538
No 9 (42.9) 5 (23.8) 6 (28.6) 1 (4.7) 21
Conscious Clear 75 (37.1) 57 (28.2) 65 (32.2) 5 (2.5) 202 0.273 0.965
Unclear 14 (33.3) 12 (28.6) 15 (35.7) 1 (2.4) 42
Mobility Independent 21 (36.8) 16 (28.1) 19 (33.3) 1 (1.8) 57 0.997 0.986
Assistance 60 (36.4) 46 (27.9) 54 (32.7) 5 (3.0) 165
Dependent 8 (36.4) 7 (31.8) 7 (31.8) 0 (0) 22
Diagnosis Cancer 12 (20.7) 21 (36.2) 22 (37.9) 3 (5.2) 58 10.253* 0.010*
Non-cancer 77 (41.4) 48 (25.8) 58 (31.2) 3 (1.6) 186
Hospitalized Ward Medical 56 (34.2) 47 (28.7) 58 (35.4) 3 (1.8) 164 14.204*
Surgical 26 (55.3) 8 (17.0) 12 (25.5) 1 (2.1) 47
Oncological 7 (21.2) 14 (42.4) 10 (30.3) 2 (6.1) 33 0.019*
* Correlation is signiﬁcant at the p¼ 0.05 level (2-tailed).
** Correlation is signiﬁcant at the p¼ 0.01 level (2-tailed).
Table 2
Correlations between risk factors and severity of fall injuries.









Physiological and behavioral factors
Weakness of lower legs Yes 44 (29.5) 47 (31.5) 54 (36.3) 4 (2.7) 149 7.976 0.047*
No 45 (27.5) 28 (40.3) 28 (31.2) 2 (0.9) 95
Unstable gait Yes 44 (33.6) 42 (32.1) 40 (30.5) 5 (3.8) 131 4.636 0.200
No 45 (39.8) 27 (23.9) 40 (35.4) 1 (0.9) 113
General weakness Yes 37 (35.9) 27 (26.2) 37 (35.9) 2 (1.9) 103 1.012 0.798
No 52 (36.9) 42 (29.8) 43 (30.5) 4 (2.8) 141
Insistence on getting out of bed when high risk Yes 35 (38.0) 25 (27.2) 28 (30.4) 4 (4.4) 92 2.55 0.465
No 54 (35.5) 44 (29.0) 52 (34.2) 2 (1.3) 152
Vertigo Yes 7 (14.3) 21 (42.9) 21 (42.9) 0 (0) 49 15.93 0.000**
No 82 (42.1) 49 (25.1) 58 (29.7) 6 (3.1) 195
Impaired consciousness or cognition Yes 11 (31.4) 8 (22.9) 15 (42.9) 1 (2.9) 35 2.000 0.572
No 78 (37.3) 61 (29.2) 65 (31.1) 5 (2.4) 209
Medication use
Sedative and hypnotic Yes 17 (28.8) 16 (27.1) 25 (42.4) 1 (1.7) 59 3.655 0.301
No 72 (38.9) 53 (28.7) 55 (29.7) 5 (2.7) 185
Hypotensive agents Yes 16 (39.0) 10 (24.4) 14 (34.2) 1 (2.4) 41 0.379 0.945
No 73 (35.9) 59 (29.1) 66 (32.5) 5 (2.5) 203
Hypoglycemic agents Yes 9 (31.0) 9 (31.0) 10 (34.5) 1 (3.5) 29 0.515 0.916
No 80 (37.2) 60 (27.9) 70 (32.6) 5 (2.3) 215
Diuretics Yes 7 (28) 8 (32) 8 (32) 2 (8) 25 4.168 0.244
No 82 (37.4) 61 (27.9) 72 (32.9) 4 (1.8) 219
Caregiver-related factors
Attendant neglect Yes 28 (35.8) 22 (28.2) 27 (34.6) 1 (1.3) 78 0.859 0.835
No 62 (37.1) 47 (28.1) 53 (31.7) 5 (2.9) 167
Equipment and environmental factors
Poor lighting Yes 8 (44.4) 7 (38.9) 3 (16.7) 0 (0) 18 3.130 0.372
No 81 (35.8) 62 (27.4) 77 (34.1) 6 (2.7) 226
* Correlation is signiﬁcant at the p¼ 0.05 level (2-tailed).
** Correlation is signiﬁcant at the p¼ 0.01 level (2-tailed).
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the body posture and tension obtained through proprioception11,12.
Elderly individuals' vertigo could be attributed to a normal gradual
aging process where hearing loss and vestibular function decline
later, precipitating falls. In addition, these patients' existingmedical
conditions of possible deterioration in cardiovascular function may
additionally worsen vertigo or chronic dizziness, including situa-
tional orthostatic hypotension, underlying chronic cardiovascular
changes, and multiple side effects of long-term medication use13.
The evidence was that those who suffered from vertigo havereported standing andmoving difﬁculties, occasional dizziness, and
incidents of fainting.
Weakness of the lower legs is also common in elderly hospi-
talized patients due to aging, insufﬁcient amount of activity, and
the syndrome of being long-term bedridden. Unsurprisingly, in-
cidents of falls typically occur while relatively weak patients
attempted to get off or insisted on getting off the bed without
caregivers' assistance14. In this study, nearly 70% of the older in-
dividuals had muscular mass reduction and deterioration in phys-
ical strength in the past 6 months. This aging-related sarcopenia
Table 3
Association between signiﬁcant intrinsic risk factors and the presence of fall-related injuries.
Variable Without injury With injury OR 95% CI p
n (%) n (%)
Gender Male (ref) 46 (51.7) 89 (57.4)
Female 43 (48.3) 66 (42.6) 0.79 (0.47, 1.34) 0.232
Cancer No (ref) 77 (86.5) 109 (70.3)
Yes 12 (13.5) 46 (29.7) 2.71 (1.35, 5.45) 0.003*
Ward Medical (ref) 56 (62.9) 108 (69.7)
Surgical 26 (29.2) 21 (13.6) 0.38 (0.20, 0.73) 0.30
Oncological 7 (7.9) 26 (16.8) 2.36 (0.98, 5.69) 0.036*
Vertigo 7 (7.9) 42 (27.1) 4.35 (1.86, 10.18) 0.000**
Weakness of lower legs 44 (49.4) 105 (67.7) 2.15 (1.26, 3.67) 0.004*
ref stands for reference group.
CI¼ conﬁdence interval; OR odds ratio.
* Correlation is signiﬁcant at the p¼ 0.05 level (2-tailed).
** Correlation is signiﬁcant at the p¼ 0.01 level (2-tailed).
I.-F. Li et al.140resulted in a lack of coordination15,16, impairment in living func-
tions, increased likelihood of falls, fractures, and various types of
other injuries17,18. Previous research showed that in older persons
with sarcopenia, the incidence of falls was three times higher than
in those without this disease19e21. Similarly, our elderly Taiwanese
participants with lower leg weakness had more than double the
risk of injury after falls (OR¼ 2.15, p¼ 0.004), compared with their
stronger counterparts.
The diagnosis of cancer and residence in oncological wards were
signiﬁcantly associated with fall-related injury severity. This could
be attributed to the fact that in this Taiwanese sample, older cancer
patients were already physically fragile or potentially risky for fall-
related injuries. For instance, those who had chemotherapy may
suffer from fatigue, peripheral neural pathologies, general physical
weakness, insomnia, anemia, and altered nutrition, all of which
might further increase the risk of falls22,23. This result has led to
future implements of fall assessment and injury prevention to be
effectively and exclusively developed for cancer patients with
multiple health impairments and who are physically limited,
staying in oncology wards.
Since current understanding of elderly inpatients' predisposing
characteristics is still limited, an effective multifactorial fall pre-
vention program should strategize to go beyond safety issues of the
environment or equipment that precipitate falls. Intrinsic risk fac-
tors of existing conditions of visual or other motoresensory im-
pairments, as they affect how individuals interacted with
environmental risk factors, are extremely important for elderly
inpatients. Health care providers need to monitor, assess, and
identify those who are prone to falls. More importantly, those
modiﬁable intrinsic risk factors should be ﬁrst addressed.
Therefore, as for risk factors of aging-related vertigo and lower
leg weakness, simple clinical vestibular testing and muscular
strength evaluation are recommended to regularly screen both
hazards12,24. Multidisciplinary efforts also hold promises to inte-
grate care for older Taiwanese patients at risk. For example, phys-
ical therapists and nutritionists may be involved in teamwork to
provide rehabilitative and dietary advice. In order to improve
physical performance to prevent falls, particular training and ex-
ercises of the lower legs that strengthen endurance, dynamic bal-
ance, and resistance may be included in the program25e28.
Because of the sole reliance on data retrieved from the national
TPR system, an inherent bias existed that participants might not
fully recall or report their falls in the assessments, and nurses who
documented and completed the national survey might not be
comprehensive. In addition, the nature of this secondary data
analysis has limited other important factors associated with fall-
related injuries to be investigated, such as previous incidents offalls, underlying chronic diseases, visual related impairments, types
of treatments, and caregiver issues of possible inadequate assis-
tance and neglect. Additional advanced studies, including
controlled trials, are also necessary to determine treatable, causal
intrinsic risk factors before developing effective preventive
strategies.
In conclusion, the health burdens and adverse outcomes of fall-
related injuries among elderly inpatients are beyond the individual
level to increase all other costs in the caregivers and healthcare
system29,30. Results of this study indicated that elderly Taiwanese
inpatients' existing conditions of cancer, vertigo, and lower leg
weakness may aggravate fall injuries. Such risk factors are not
situational or environment-related, but intrinsic changes due to
aging, mental status, multiple medications, andmedical conditions.
Vestibular testing and muscle strength evaluations may be
employed to regularly screen risks for fall. Multidisciplinary efforts
of rehabilitative training and dietary advice could be included in
the multifactorial prevention program, particularly for cancer pa-
tients with multiple health impairments and who are physically
limited staying in oncological wards. Additional research including
controlled trials is necessary to further identify treatable, causal,
intrinsic risk factors to suggest elderly Taiwanese's potential fall
preventions.References
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